We performed 2D, axisymmetric, MHD simulations with Cosmos++ in order to examine the growth of the magnetorotational instability (MRI) in core-collapse supernovae. We have initialized a non-rotating 15 M ⊙ progenitor, infused with differential rotation and poloidal magnetic fields. The collapse of the iron core is simulated with the Shen EOS, and the parametric Ye and entropy evolution. The wavelength of the unstable mode in the post-collapse environment is expected to be only ∼ 200 m. In order to achieve the fine spatial resolution requirement, we employed remapping technique after the iron core has collapsed and bounced.
INTRODUCTION
Neutron stars are spinning and magnetized, and magnetars are the extreme neutron stars with magnetic fields > 10 14 G. The GRBs associated with ultra-relativistic outflow are considered to be generated by the MHD jets from the rotating, magnetized engine; the so-called "Collapsar" or magnetar. The close association of those objects to core-collapse supernovae leads to the question whether supernova explosions, too, are involved with rotation and magnetic fields. If it is the case for most core collapse supernovae, the modest initial magnetic fields have to be amplified more efficiently than linear wrapping of the field lines or compression. Akiyama et al. [1] pointed out that the core collapse environment is naturally unstable to the magnetorotational instability (MRI) [3] , which amplifies magnetic fields exponentially in linear regime. Their 1D study indicated that a small seed field in the iron core is amplified to ∼ 10 15−17 G within tens of milliseconds after bounce. This prediction has to be verified in numerical simulations because of the highly non-linear nature of the problem.
NUMERICAL MODELS AND METHOD
The collapse of iron core is simulated by 2D, axisymmetric, MHD simulations using Cosmos++ code. Cosmos++ is a multidimensional, massively parallel, Newtonian and fully general relativistic radiation-magneto-hydrodynamical code [4] . We begin with a non-rotating 15 M ⊙ progenitor model, s15s2b7 [5] . For rotation, we employ constant angular momentum profile:
where Ω 0 is the initial central angular velocity, and R determines the degree of differential rotation. Magnetic field is obtained by taking curl of the magnetic potential due to a current loop with a radius D [6] . The peak of the magnetic field is set to a magnetic field strength B 0 . We present a model with Ω 0 = 2.0 [rad/s], R = 850 km, D = 400 km, and B 0 = 10 12 G.
The collapse of the initial iron core is simulated using the realistic nuclear Shen EOS [7] , and the electron fraction (Ye) and entropy evolution following the parametrization of neutrino physics by Liebendörfer [8] . We neglect neutrino transport, and we plan such improvement to future work.
The wavelength of the unstable mode is directly proportional to the magnetic field strength. Taking a conservative case, for the typical pulsar field strength ∼ 10 12 G, the most unstable wavelength is ∼ 0.18km( B 10 12 [G] )(
) 0.5 . By giving 10 grid zones per wavelength to resolve the MRI growth, ∼ 20 m resolution is required to cover between ∼ 10− few ×100 km in the post-collapse environment. It is unrealistic to simulate the iron core collapse with such a fine spatial resolution. Therefore, we first simulate the collapse of the iron core with n r = 256 and n θ = 64, and 0 < radius < 6,800 km and 0 < θ < π 2 (base simulation). The smallest radial resolution in the base simulation was ∼ 300 m. At 30 msec after the core bounce in the base simulation, we remap the profiles to a new mesh with n r = 1024 or 2048 and n θ = 1024 or 2048 (std or stdx2 run), and 12 < radius < 68 km and After the iron core collapsed, its initial magnetic fields were amplified up to ∼ 10 15 G, and the core was spun up to ∼ 2000 [rad/s]. At the time of remapping, the most unstable wavelength of the MRI were few km. The resolution obtained by both std and stdx2 runs are sufficient to resolve the MRI growth. Indeed, during the first 9 msec after the remapping, the evolution of std and stdx2 runs are very similar (Figure 1) . In both runs, the MRI unstable region appears near the equatorial region, and magnetic bubbles rises in the cylindrical radius direction, instead of spherical radius direction. At 15 msec after the remapping, the two runs shows differences ( Figure 2 ); higher resolution run (stdx2) display more vigorous overturns and stronger outward transport of entropy and angular momentum. The MRI unstable region kept filling up the simulated area until the end of the std run (45 msec).
Our results confirm that the MRI is unstable in the core collapse environment. The qualitative results presented here are also in agreement with Akiyama et al. [1] and Obergaulinger et al. [2] . It is noted that the additional mixing of entropy caused by magnetic instability may affect the neutrino emission opacity. This point should be further investigated with future simulations with neutrino transport.
